Background: The Tissue Monitoring System (TMS) is an algorithm that estimates changes in body tissue from a series of daily weight measures. It is intended to provide people with a feedback of changes in their tissue weight so they may have a basis for estimating how much they would have to change their intake or expenditure to maintain their weight at a prescribed level. We tested the effectiveness of the TMS to prevent freshmen from gaining weight during their first semester in college. Methods: In two similar but independent studies (Fall 2002(Fall , 2003, female freshmen college students were given analog bathroom scales and instructed to weigh themselves each morning immediately after rising from bed, then e-mail their weight to our staff. After 7 days, a linear function was performed on the most recent 7 days of the weight-day function for each participant. In the first study, the slope of this function was e-mailed back to the participants. In the second study, the difference between last point and the original weight was determined, using linear regression techniques, converted to calories, and the information was e-mailed back to the participants. Control participants in both studies were weighed at the beginning and the end of the semester. Results: The untreated controls gained 3.170.51 kg and 2.070.65 kg, respectively (Po0.01 for both studies), whereas weight gain of the experimental groups was 0.170.99 kg and À0.8270.56 kg, values that were not significantly different than zero. Conclusions: The TMS appears to be an effective technique to help female college freshmen resist gaining weight in an environment that is conducive to weight gain. These results suggest that the TMS may be a useful method to help curb the slow increase in the prevalence of overweight and obesity that is characteristic of all industrialized societies.
Introduction
Weighing oneself every day has never been considered a good strategy for losing or even controlling one's weight. It is widely believed that the large fluctuations in daily weight caused by changes in fluid balance obscure real changes in body mass and may discourage people from continuing those behaviors that might cause a loss in weight. 1 Indeed, Heckerman et al. 1 suggested that daily weighings may not serve any advantage. They observed that a group of obese participants who weighed themselves every day did not lose weight any faster than participants who weighed themselves once each week. After the publication of the Heckerman et al. study, daily weighing was rarely mentioned in the literature as an essential technique for behavior therapy, although daily monitoring of energy-related behaviors (eating and exercise) is still the major focus of almost all programs aimed at producing and maintaining a significant weight loss. [2] [3] [4] [5] More recently, however, several reports have appeared that are beginning to reconsider daily weighing as a useful method to help weight loss and maintenance. Klem et al. 6 examined successful dieters associated with the National Weight Registry and found 44% stated that successful dieters weighed themselves every day, and 31% that they weighed themselves at least once every week. In an open clinical trial, Fujimoto et al. 7 demonstrated that not only was daily weighing effective as an adjunct to behavior therapy in helping moderately obese patients lose weight, but they were able to maintain the weight loss to a greater extent over a 2-year period than a group who received behavior therapy alone. This paper incorporates daily weighings within a system called the Tissue Monitoring System (TMS) as a method for maintaining body weight constant. Its effectiveness to prevent weight gain was evaluated in two independent studies of freshmen women aiming to resist weight gain during their first 12 weeks at the University.
The TMS
The TMS is an algorithm to estimate changes in body tissue mass from changes in daily body weight. The TMS is based on the assumption that, over time (blocks of 7 days), the 'noise' inherent in daily body weight measurements (fluctuations in body water and intestinal fill) cancel each other, leaving a rather good estimate of a change in the weight of total body tissue. Seven days were used as the time interval because weekend eating patterns are substantially different from weekday patterns. [8] [9] [10] [11] After collecting daily body weights for the first 7 days, a linear regression was performed on the seven points. For each succeeding day, a new linear regression was performed whereby the first weight value is dropped and the most recent data is added as indicated in Figure 1 . In Experiment 1, the participants received the slope of the linear line as an indicator of whether or not they were gaining or losing body tissue. In Experiment 2, the initial body mass (day 1) was estimated from the equation for the straight line as well as the current body mass (day 7). The difference between the two points (weights) was converted to calories using the standard conversion of 3500 kcal/lb. This number represented the number of calories the participants would have to either increase or decrease in order to hold their body weight constant.
Experiment 1
Methods Thirty-four female freshmen between the ages of 18 and 21 years were recruited from two large introductory classes in the second week of their first semester at Cornell University in the Fall of 2002 by announcement in class. The initial mean weight of all participants was 62.5710.2 kg. Only female subjects were used simply because they are more likely to volunteer for studies than male subjects. As a result of the initial interview, two participants were excluded because of inconsistent and unhealthy eating patterns (skipping meals, eating vending machine food instead of eating in the dining hall). All participants were weighed by the staff during the second week of classes. The participants were randomly divided into two groups. Both groups were informed that the study was about the freshman weight gain and were given basic nutritional information, including instructions to eat three meals a day and to avoid snacks. They did not receive any specific dietary instructions or exercise information. Each participant in the treatment group received her own analog bathroom scale (Tanita, model HA521) and was instructed to weigh herself each morning immediately upon rising from bed and before voiding. Participants then e-mailed their daily weight to our staff. Reminder e-mails were sporadically sent to participants in the treatment group to emphasize the importance of remembering to record weight and e-mail the weight each morning to yield consistent and valid results.
The weights were received and recorded daily by the staff in a Microsoft Excel spreadsheet. After 7 days of data collection, a linear regression was performed on the weight-day function and the slope of this line was then e-mailed back to each participant daily. The participants were instructed on how to interpret the slope, that is, a positive slope indicated an increase in tissue mass, a negative slope indicated loss in tissue mass, the magnitude of the number indicated the degree of change. Both groups were reweighed during the last week of classes. Care was taken to ensure that they were wearing similar clothing at both measurement periods.
The results were analyzed using paired t-tests (two-tailed). Additionally, an analysis of variance was performed to control for the initial weight difference. The study was approved by the University Committee on Human Subjects of Cornell University.
Results
One control participant and five experimental participants failed to finish the study because of time constraints, leaving The original body mass is estimated from the linear regression of first 7 weight measures (day 1). Thereafter, current body mass is estimated from the last 7 daily weights (day 7). In Experiment 1, the slope of the line between the original body mass and the current body mass was reported back to the students. In Experiment 2, the difference between original body mass and the current body mass was converted to calories by multiplying the difference by 7700 kcal/kg.
Monitoring weight daily blocks the freshman weight gain DA Levitsky et al 15 controls and 11 experimentals for the analysis. Mean body weight and standard error of both the control and experimental group at the beginning and end of the semester are shown in Figure 2 . As can be seen on the left-hand panel, the control participants gained an average of 3.170.51 kg, a value that is significantly greater than zero (Po0.001) as determined by a paired t-test. One subject in the experimental group lost a little more than 8 kg and was excluded from the analysis. Without this outlier, the change in weight of the experimental group was 0.170.99 kg, a value not statistically different from zero. The difference in the change in weight between the two groups, as exhibited in the righthand panel of Figure 2 , was highly significant as indicated by a t-test with unmatched variances (P ¼ 0.001).
The change in body weight of each individual in both groups is presented in Figure 3 . As is evident from this figure, only two of the 11 participants in the experimental group gained more than 1 kg, whereas 14 of the 15 participants in the control group gained more than 1 kg. It should be noted that one participant in the experimental group lost considerably more weight (8.2 kg) than any other participant. Removing this outlier from the analysis made no difference statistically. The within-participant weight change score remained not statistically different from zero.
Discussion
The results of this study clearly confirm the results of our previous study 12 demonstrating that freshmen college female subjects gain a significant amount of weight during the course of their first semester. The untreated control group in the present study gained a mean of 3.1 kg, a much greater value than what has been observed in the literature, as indicated in Table 1 . The effect of providing weight information derived from TMS in the prevention of the weight gain is unambiguous. The mean weight gain over the course of the semester of the Monitoring
It is interesting to note that the particular strategy the participants in the TMS group employed appeared to be unique to the individual. In response to an informal post-test debriefing, four of the seven participants who were interviewed said that they adjusted their eating in response to the slope value, and two participants stated that they changed their exercise habits. It appeared that each participant chose a method that suited her individual lifestyle.
One weakness of this study was that the controls actually started the semester at a lower body weight than the experimental group. A further analysis controlling for initial body weight difference did not affect the conclusion: the change in weight of the control group remained significantly greater than that of the experimental group. However, it may be argued that the weight change of the control group may have been due, in part, to a regression towards the mean. In addition, the experimental group had only 11 participants. Owing to these weaknesses, the following study was performed in order to validate the results.
Experiment 2
The purpose of the second study was to examine the effectiveness of two methods to prevent the freshman weight gain -(a) the TMS and (b) teaching students about portion size. The data concerning the teaching of portion size will be presented in another paper. Only the two groups that were treated similarly to those described in Experiment 1 will be discussed.
Methods
In the fall of 2003, 41 female freshmen, aged 18 years or more, were recruited through on-campus posters, e-mail advertisements, and large introductory classes. The mean body weight was 62.078.6 kg. Participants were randomly assigned to either a control group (n ¼ 24) or an experimental group (n ¼ 17). No one was excluded.
Each member of the experimental group received an analog scale (Tanita, model HA521) and was instructed to weigh herself each morning immediately after rising from bed before voiding, similar to the previous study described earlier in this paper. Similarly, they were instructed to e-mail their weight daily to the research staff who then entered the data into a Microsoft Excel spreadsheet. Unlike the previous study, where the students received the slope information, in this study the students received a value for the number of calories that they would have to increase or decrease to maintain a constant weight.
After receiving 7 days of weight data, a linear regression is calculated through the seven points as indicated above. The initial body mass is estimated from the equation for linear line. The current body mass is also estimated from the equation. The difference between the present mass and the initial mass is converted to calories using the accepted constant of 7700 kcal/kg. However, unlike the initial body mass, the present body mass is recalculated every day using the last seven points.
This calculated value was sent to each participant in an e-mail each day with the following message: 'In order for you to maintain the average weight of your first seven days, you should ________ (increase/decrease) your intake by ___ calories. ' The control group was not contacted again until the last week of the semester. At this point, 10 weeks after the beginning of the study, all participants were reweighed, wearing light clothing and without footwear, by the staff.
Results
Eight participants from the control group could not be located for the final weights reducing the number of control participants from 24 to 16. The initial weights of the dropouts were within one standard deviation of the beginning weights of those subjects in the control group who remained in the study. One of the 17 participants from the experimental group discontinued the daily weighings at various points during the study leaving 16 participants for analysis. Her initial weight was also with 1 standard deviation of the initial weights of the subjects who remained in the study.
The mean starting and ending weights for both groups are presented in the left-hand panel of Figure 4 . The mean within-participant weight change is depicted in the righthand panel. The untreated control group gained an average of 2.070.65 kg, a value that was significantly different from zero (Po0.01), whereas the experimental group lost 0.8270.56 kg, but the loss was not statistically different from zero (P40.4). The difference in weight gain between the two groups was statistically significant (Po0.01). Figure 5 shows the distribution of the individual weight changes for the two groups. As the control group contained a participant who gained 8.2 kg, the analysis was recalculated with this participant removed. The mean weight gain was reduced to 1.6 kg, but remained significantly different (Po0.01) from the experimental group. Monitoring weight daily blocks the freshman weight gain DA Levitsky et al
Discussion
The results of the second study confirm the findings of our original study: freshmen women gain a significant amount of weight during their first semester at college, and providing these freshmen with information about their weight with the TMS prevents this weight gain. The control group in the Monitoring weight daily blocks the freshman weight gain DA Levitsky et al second study gained a mean of 2.0 kg, considerably less than the 3.1 kg observed in our first study, and more consistent with the literature (Table 1) . One reason for the reduced weight gain of the controls in the second study may be because of the publicity on campus that surrounded the release of our original findings about the freshman weight gain. More importantly, on the average, students who were provided feedback about their weight with the TMS did not gain a statistically significant amount of weight during the course of the semester. Apparently, providing information to the students in the form of caloric adjustment, (Experiment 2) or as the slope of a change in daily weight (Experiment 1) is equally as effective in helping students change those aspects of their behavior to prevent a gain in weight across the semester.
No exclusion criterion was used in the selection of the participants. This non-selectivity could have resulted in a difference in the characteristics of the participants at the onset of the study. However, the fact that the results were replicated in the two successive studies makes such an interpretation implausible.
It is presently not clear what aspect of the TMS is responsible for the students' success at maintaining their weight in an environment where their peers gain significant amounts of weight. It is possible that the mere act of weighing oneself daily is sufficient to prevent weight gain. The results reported by Klem et al. 6 of successful dieters indicated that regular weighing was a common technique used to maintain weight. They reported data from the National Weight Control Registry indicating that, of people who have been successful in maintaining their weight loss for at least 1 year, 44% record their weight daily, and 31% weigh themselves at least once each week. 6 In a clinical trial, Fujimoto et al. 7 reported that taking body weight four times daily was effective at producing a significant weight loss. It is also possible that the daily contact with the research team enabled students to maintain their weight. There is considerable data demonstrating that individuals who are successful at losing and maintaining their weight have more communication with their researcher than those who lose contact. [17] [18] [19] [20] [21] It seems unlikely, however, that simply communicating electronically via e-mail over the Internet was the distinguishing feature because the use of the Internet has been found to be no more effective at maintaining weight than direct contact. 22 Finally, it is possible that the students used the information provided to them by the TMS as an early indicator of a small error in their energy balance. The weight gain in the controls was about 2.0 kg over the course of the semester. This change amounts to 24 g/day, a value too small to be observed in daily measurement on a bathroom scale. However, it is possible to detect a gain of 170 g over a period of a week using the slope change of the daily weight over a period of 7 days. It is possible that the success of the TMS results from a combination of (a) the early detection of weight gain, (b) the small, and possibly unnoticeable energetic correction, and (c) the fact that people can choose an individual method to correct energetic error that best suits their lifestyle.
One word of caution should be noted concerning the use of TMS. It is possible that daily weighing may increase Figure 6 The temporal relationship between energy intake of the US population as estimated from USDA food consumption data 35 and the percent overweight. It remains to be seen whether the TMS will be effective in preventing the ever increasing body weight observed in the population since the early 1980s. [24] [25] [26] [27] The increase in weight is clearly related to an increase in energy consumption 28 and a decrease in energy expenditure, 29 although the evidence for the latter cause is not as strong as the increase in energy intake. Much of this increase in energy consumption is a result of the effectiveness of the food industry's promotion of increased consumption of carbohydrates as snack foods 28 and soft drinks, 30 increased package and portion sizes, 31 as well as the success of the fast food industry.
32,33 Figure 6 illustrates the increase in per capita daily energy intake from 1980 to 1999, estimated from USDA food disappearance data, 34 and the prevalence of overweight in the US population. As can be seen from this figure, the increase in overweight (and obesity) increases at the same time that daily intake increased. The increase in intake during the time of increasing body weight, as indicated by the slope, is about an additional 34 kcals a day, a value that is hardly noticeable, but is not too different than the increase in energy intake observed in freshmen who gain weight after their first semester in college. 12 The effects of such a small error, however, would be seen as a slow increment in tissue mass. The first step in reversing the 'epidemic of obesity' must be to prevent further weight gain in the population. The results of this study raises the hope that the TMS, or a similar system that monitors daily body weight, may provide people with a technology to enable them to maintain their weight in an environment that is constantly encouraging weight gain.
